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PRECISION NEUTRINO PHYSICS HAS ENTERED A NEW ERA
BOTH WITH PRESSING QUESTIONS TO BE ADDRESSED AT SHORT AND LONG BASELINES,

AND WITH STRINGENT PERFORMANCE REQUIREMENTS TO BE FULFILLED BY THE DETECTOR

IN THE US

A PRECISE TECHNOLOGY CHOICE

FOR A Jlale-of-the-art FINE-GRAINED, HIGH-RESOLUTION neultrino detection method

HAS BEEN MADE:

THE LIQUID ARGON TIME PROJECTION CHAMBER
(LARTPC)

Thursday, 21June , 2012 2



The LArTPC concept
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Wires 3D view

Time — drift
e
T '-ay““av-.f..-m B A A
AN A A I e e
.',,ﬁ. e T R KRR T A
3 0 i

=
@

9

L
) e e
=
=
-

g
1 L
| .)§'§
) 25
3 B ! Tan?
R
N W L

A
2
Jitas

&Anl

A
o

o

e
?,:;'?'t
i
S

2
-~

%2
5{:
i
s :g
itz
£
)
¥
3

i

Reconstructed event

ox
:1

ey f«
5 E:

ionization

TT Liquid argon
neutrino T _

cncd s s s s e s e e e P 2

s
xy gi
Pl

% RY
i

Raw data [ADC c]
1
4/
2
X

!
i

ionization

40 cm

Scunt

-

Preamplifier  g,20ing Amplifier

Collection wires. (125 wwes 37 om Induction wires. (128 wwes 32 om

»— . ‘ ICARUS 50 L in WANF neutrino beam Full 3D Image
(Neutrino) interactions inside the LAr-TPC produce charged particles = lonization Charge &

- Prompt Scintillation Light is detected (after VUV-Vis w.l. down-conversion) by array of PMTs.
* Scintillation light collected by PMTs is used for

- Free lonization electrons tracks in EF drift towards anode planes of wires (signal read-out by low-noise charge amplifiers and fast ADCs).

* Track segments induce hits on corresponding wires: the wire coordinate in the wire plane provide hit position.
* Multiple (= 2) non-destructive wire-planes can be utilized "™ (x,y) coordinates.

* Timing of pulse (To of event from prompt Scint.Light in PMTs @ drift velocity v4 in LAr) determines the hit drift coordinate = (z)
= Multiple 2D views (x,2), (v,z) = Full 3D |Image reconstruction.

Collection of the ionization charge on wires of the last plane (hit amplitude) measures the deposited energy

= Calorimetric Information and Ptcl.ldentification
Thursday, 21June , 2012
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THE PATH TO
LAR DETECTORS FOR V-PHYSICS

Liquid-Argon Time Projection Chambers
Status of R&D Program in the US

The first ArgoNeuT MicroBooNE
TPCsin : 4

the United

States:

Locaton: Yale University Locaton: Ferrelab Location: Ferrrdab Location: Fermilab
Active volume: 0,.00002 kton  Active volurme: 0.00002 kton  Active volume: 0.0003 kton  Active volume: 0.1 kton
Year of frst tracks: 2007 Year of frst tracks: 2008 Year of firs! tracks: 2008 Start of construchon: 2090

Frst neutnnos: June 2009
FNAL

Test stands LArGof

to improve : L S T Lowcharge I Highohame
liquid-argon g ' | |
technology:

Location: Fermilab Location: Fatmlab
Purpose: matersls tost stihion  Purpose: LAr purity demo
Operationak since 2008 Operational: 2010

Thursday, 21June , 2012
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state-of-the-art neutrino detection method
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u- escaping ArgoNeuT (and reaching MINOS-ND downstream)

Full neutrino event reconstruction with 3D ArgoNeuT-MINOS ND track matching

Muon (ArgoNeut+MINOS reconstruction): p=2.85 GeV/c

Neutrino event reconstructed in 3D space
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Total range (cm)

Proton (ArgoNeuT reconstruction):
track length=10.88 cm,
T=118 MeV, p=0.485 GeV/c



CURRENT DEVELOPMENTS
ON LAR TECHNOLOGY

MAIN LINES OF DEVELOPMENT

*| LAr Purity (materials’ compatibility & selection) and LAr Purification]

- lonization Charge signal extraetion: alternatives to wires

LSCintiHation Light signal extraction j (the modt promitiung line of development)

» Electron Charge Drift over long distance
» Cryostat Insulation schemes and developments
» Cold read-out electronies vs. Warm electronies

- Event Reconstruction and Off-line code developments

- LAr Response Characterization:

Charge recombination and Ca,lorimetry

Thursday, 21June , 2012 6



LARTPC RESPONSECHARACTERIZATION
AT THE FNAL TEST BEAMS FACILITY

REQUIRED FOR A RANGE OF ENERGIES - 0(0.5-5.) GEV - RELEVANT TO FORTHCOMING
EXPERIMENTS LIKE MICROBOONE, AND 70 FUTURE EXPERIMENTS LIKE LAR1 AND
LONG BASELINE LAR DETECTORS AT THE INTENSITY FRONTIER.

A staged program:

7

Phase—I: 5/173/ e z‘rac(/ reconstruction:

“calibration” = charge to energy conversion
l.e. determination of the charge Recombination factors for

Froton identification and 2 to K separation

Kaon identification and K to 1/ [t separation

and study of

£lectron to ¥ ( e+ e— pair) separation

i s s .

.

; p;ldée—',?f Collective Z‘opo/ ogy reconsStruction

“calibration” = detected energy to incident energy conversion

l.e. e — el.m. cascade: size and features
T — hadron cascade: invisible component and features
and </ Ratio

Thursday, 21June , 2012 7



LAR DETECTOR TEST BEAM CALIBRATION AT FNAL (FTBF)

CALIBRATION IS A CRITICAL STEP TO UNDERSTANDING THE DETECTOR OUTPUT

FNAL TEST BEAM (FTBF) IS AN IDEAL FACILITY, PROVIDING A RANGE OF KNOWN
ENERGIES (WITH SECONDARY AND LOW MOMENTUM TERTIARY BEAM LINES) AND A
SELECTION OF PARTICLES OF DIFFERENT TYPES AND BOTH POLARITY.

IT ALSO PROVIDES A CONTROLLED
ENVIRONMENT IN WHICH TO TUNE
SIMULATIONS AND TO DEVELOP TOOLS

/
FOR PARTICLE IDENTIFICATION (PID), , S
CALORIMETRY, AND EVENT we
RECONSTRUCTION (WITHOUT RELYING | R S
SOLELY ON SIMULATION). \ ¢ J .

Main Injector

M-CENTER:
A PERMANENT
TESTBEAM
FACILITY FOR
LAR DETECTORS

Thursday, 21June , 2012



Phase | (2013/14): Siagle ¢rack reconstruction

NEEDS:

pURE LOW MOMENTUM (rERTIARY) BEAM oF MUONS, PIONS, KAONS, AND
PROTONS THAT PENETRATE, SLOW DOWN AND STOP IN THE LAR VOLUME.

= SMALL VOLUME LARTPC DETECTOR (ARGONEUT).

. MINERVA and T977
preliminary

magnet selects
positive charges

Stop. Ptel. Type | Dep.En.= Inc. kin. En. dE/d:v Interval

205 MeV 290 MeV /e 2.1 =+ 13 MeV/cm
210 MeV 320 MeV /e 2.1 =+ 14 MeV/cm
285 MeV 600 MeV /c 2.8 + 23 MeV/cm
380 MeV 940 MeV /e 3.1 + 33 MeV/cm
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Phase | (2013/14): Siagle ¢rack reconstruction

MAIN GOALS:
(1) PRECISE MEASUREMENTS OF ELECTRON-ION RECOMBINATION IN

ARGON OVER AN EXTENDED RANGE OF ENERGY DEPOSITION (d£/dX),

FOR DIFFERENT ELECTRIC FIELDS, AND AT DIFFERENT TRACK-TO-~-
ELECTRIC-FIELD ANGLES.

~
o

ICARUS 3t

Birks law parameterization from NIM A523 (2004) 275

dQ, /dx (fC/cm)
S 3

40

w
o

0.5 kV/cm
0.35 kV/cm

N
o

0.2 kV/cm
EF=500 V/cm

15
dE/dx (MeV/(g/cm?))

Fig. 5. Birks fit of the inverse of the recombination factor vs.

stopping power. Data are from the 3 ton prototype at different
electric fields.

15 20 25 30 35 40
dE/dx (MeV/cm)

Precision in charge deposition reconstruction along the track
1s fundamental
tor Calorimetry and Particle Identification

Thursday, 21June , 2012



Phase 1 (2013/14): Siagle ¢rack reconstruction

MAIN GOALS (continued):

(2) DIRECT MEASUREMENT OF electron to </ ((#?e-+ =e— PAIR) SEPARATION WITH LARTPC

“PHOTON BEAM’ GENERATED
BY BREMS FROM ELECTRON
BEAM ON 1Xo PRESHOWER

Corrected De/Dx first 2.4 cm preliminary

needed for optimization and MC: 0.5-5.88eV/c
direct test ot

<) / )T epd/‘dZ‘/on

from MC simulations e- cttcioncy = Eg
C

ontamination < 5%

//:\x. \\)LFI(
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Phase 1 (2013/ 14 ): S/nﬁ/e z‘racé FeConstruction

OTHER GOALS:

- pbar BEAM (LOW MOM.): HADRON STAR TORPOLOGY STUDY FROM Zzbar ANNIHILATION IN AR

(RELEVANT FOR s7bar OSCILLATION SEARCH WITH FUTURE LARGE LARTPC DETECTORS)

Antiproton Star Observed in Emulsion®

0. CaauserrAN, W. W, Ciupp, G, GorpuAser, E. SEGRE, AND T. K 7, / y //‘ ¥ )%
C. Wmcaxn, Radiation Laboratory, Department of Physics, et yan oL Zﬁ < Z‘y

[niversity of Californie, Berkeley, California

hadron stars with

AND

LA //)7523//73 delecZor

E. Amaror, G. Baron, C. Casracnovr, C. FRANZINETTI, AND
A. Manv¥reDINI, Istituto di Fisica delle Universita, Roma
Istituto Nazionale di Fisica Nucleare,

Sezione di Roma, Italy

- SCINTILLATION LIGHT COLLECTION
(HQE PMT ARRAY IN LAR @ WLS FILM

ON REFLECTOR SURFACE)

complementary to charge for evt. recosntriction

- WARM VS. COLD ELECTRONICS:

TEST AND CHARACTERIZATION

for wire Stgnal-to-Notse tmprovement

Thursday, 21June , 2012



THE DETECTOR FOR Z/iasSe—|

ARGON“UT
oM NUMI To FTB

"11

e

CcryocCooLERrM

LAR OUTLET
=5 /‘ GAR
& FILTERS /' INLET

The ArgoNeuT LArTPC active volume is
separated from the outside by 2 thick
front-flanges and by a thick LAr dead

Liquid argon

Charged N
particle

Particles

emerging
from

collision

Aeray of
high-woltage
wires

Time

Lead Thickness projection

chamber

A pipe for the beam, where a pre-shower inducer (e.g., made
by a changeable thickness of lead slabs) can be housed, must
be designed before ArgoNeuT can be used in a test beam

Thursday, 21June , 2012



12 hase 2 (>2014 ): Collective T’opo/ogz‘eé reConstruUction

FINAL STATE PTCL.S (#adrons AND elec?rons) FROM NUMI-LE/BOOSTER NEUTRINO

INTERACTIONS INDUCE “LOW-POPULATED CASCADES”.

[CARUS T600 events (cosmics at surface)

MAIN GOAL OF PHASE-2 AT FTBF IS TO DETERMINE THE
“INVISIBLE BUDGET” IN THE TOTAL DEPOSITED ENERGY
FOR EACH TYPE OF PARTICLE AS A FCN. OF ITS INCIDENT

ENERGY (CONTRIBUTIONS FROM SOFT Y’S, NEUTRONS,
BINDING ENERGY, NEUTRINOS,...)

Thursday, 21June , 2012



1.5 GEV ELECTRON CASCADE

(A.Szelc-Yale)

MC STUDY FOR PHASE2: Fit
LOW ENERGY/LOW TRK MULTIPLICITY . o
CASCADES 3
FROM ELECTRONS AND PIONS
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Phase 2 (>2014): Co//eCLZ‘/\/g Tozol 0\9/35 reconstruction

lectvrone o St - o
clectrons in LA — hadrone in ILAT

Xo=14 cm €=30 MeV -« Development at Ain; scale rather than Xo
scale (for LAr Ainc = 5 Xo = 80 cm) m»

tmax = 2.5 X0 [F35 cm]  (for ~| GeV electron) Containment more difficult

The fraction feun (%) going to elm fluctuates heavily

Los% = 13.5 Xo [=190 cm] (for ~1 GeV electron) (after first generation < fem) = 25 %) and is

Rosx =22 cm (about 2 Rn) energy-dependent

A fraction f; is carried by “soft” neutrons

* The elm. energy deposition mechanisms are very
(few tens n/GeV, ( fom) = 10 %).

well known (= MC simul. very reliable):

In LAr a substantial fraction of incident energy

(=30% - depending on incident energy) goes into
soft electrons (< 2 MeV)

A fraction fiuy (%) is practically undetectable
( fiw? = 17in LAr (presumably = 10 %)

* How well the incident energy can reliably be In LAY fetm, fu, fino Were never measured -
reconstructed with a LArTPC? only inferred by MC.
this can be established (only) by test-beam data these can be established (only) by test-beam data

LARTPC IS AN IMAGING DETECTOR, BUT ALSO ACTS AS A HOMOGENEOUS CALORIMETER.

THE POSSIBILITY TO DEVELOP "TPC/IMAGING-AIDED CALORIMETRIC MEASUREMENTS"
MAY OPEN A NEW WAY TO INVESTIGATE ENERGY DEPOSITION MECHANISMS AT
UNPRECEDENTED LEVEL OF DETAIL.

Thursday, 21June , 2012 16



B. Rebel (PAC Meeting - Aspen, June 19, '12)

Phase 2: Cryostat and TPC Size #

TPC should have active volume on the scale of Im x Im x 5m
Studies to optimize the size are underway

MCenter large enough to accommodate a 5m long TPC, cannot go much

T H E over |m transversely
DETECTOR

FOR

Phase 2:The Facility

P, MicroBooNE g 2ia; - .
— : _ ‘ MicroBooNE
hd\f (= 2 Filter Skid & gauy, a1, 05" Pump Skid

Fermilab would provide the facilities, other groups would provide the active
detectors

The facility will provide a filtration and pumping system that is appropriately
sized to the volume of LAr

Use experience from LAPD and MicroBooNE for cryogenic system design
Cryostat should have a flanged head to allow convenient access to inside of
vessel

Imagine exchanging electronics, light collection systems, TPCs, etc during
several year program 2%

Thursday, 21June , 2012 17



LARTPC RESPONSE CHARACTERIZATION
AT FNAL TEST BEAMS FACILITY

Institutions Expressing Interest in the Beam =
Test

Imperial College
London *

Istituio Nazionale
a Fisca Nucleare

THE UNIVERSITY OF

CHICAGO

[HER
wi &ll-
IL-------JI

~\\\\‘r
{ 3

MICHIGAN STATE Argonne

l\l‘.II\III NATIONAL
LABORATORY

A NEW INTERNATIONAL COLLABORATION IS BEING FORMED

(AT PRESENT INCLUDES GROUPS FROM US, UK, IT)

Thursday, 21June , 2012



TOWARD THE INTENSITY
FRONTIER

ADDRESSING

THE SHORT-BASELINE ANOMALIES AT FNAL

} MICROBOON E > 2014 @ Booster (FNAL)

under condtriction

) L A R .l > 2017 @ Booster (FNAL)
(Lol - PAC Meeting, Aspen - June 19, '[2)

Thursday, 21June , 2012



MiniBooNE: The low-energy excess (v-mode)

» MiniBooNE experiment observed an excess (30) - 6.7€20 POT
of low-energy (200 MeV - 475 MeV) . 128.8+20.4+38.3 (3.00)

events in neutrino mode « Fit F=475-1250 MeV

» The excess events are electron-like:

e’/y
e Dan
= v, fromp
» MiniBooNE (CerenkoV detector) ' i
cannot distinguish between electrons ' é;;ruf
and photons, e.g. B otner

—— Const. Sy=1. Errar

Need of a new detector

(new technology)
to address the MiniBooNE low-energy
excess

Thursday, 21June , 2012



FNAL booster
(8 GeV protons)

Thursday, 21June , 2012

target and horn
(174 kA)

decay region
(50 m)

¢ 170 tons total liquid argon

¢ 86 tons active volume (60t fiducial)

# ¢ TPC dimensions: 2.5m x 2.3m x 10.4m

¢ 30 PMTs

Collaboration:
BNL,Columbia, FNAL,
KSU,LosAlamos, MIT,
MSU, Princeton,
StMarys,

Syracuse,Cincinnati,
Texas, Yale*
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) MICROBOONE

Detector Components under fabrication
(e.g.: wire production eompleted TODAY /)

Orders placed for main Cry0genics and detector elements

Wires at Syracuse

Construction at FNAL The MicroBooNE
. 3 3 Experiment:
starting during summer ‘12, [

measure a suite of low energy.

(C Ompletion by early : 14 ) neutrino cross sections

Thursday, 21June , 2012



) MICROBOGOGIN BESESEHESEHY SICS CASE

Need a new experimental technique to address the question... MicroBooNE's LArTPC detection technique:

extremely powerful sensitivities in neutrino mode.....

Capability to resolve particle interactions: reduce backgrounds, identify and
improve signal

Liquid Argon Time Projection Chamber Stacked backgrounds:

K
Ve

Use topology and dE/dx to differentiate v
electrons (signal) from gammas
(background) indistinguishable in

Cerenkov imaging detectors

Electron neutrino candidate from

o

Low energy excess
above background if
excess is electrons

Stacked backgrounds:
vE
Ve

>

Low energy excess 2 A~ Ny

other

above background if g Low-E excess
excess is photons

(A.Szele-Yale)

N EE—— II———————————.
zooo ﬁi
| i ,
| MC-evt: m0— 2 y—y (e+e-) shwr ; - e
|soo = -7s
| i
| ;
MC Truth
1000 i
| = o sSsen o
I e ——— ' 1 AL
5 { \_"—:t ~ - = a4
: = ' dE/dx for electrons and gammas in
I - = first 2.4 cm of track

24
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_1_{_ _Fe J AT I

This past year in neutrino physics:

*Developing short baseline oscillation anomalies suggest new

physics in neutrino sector (sterile neutrino?) — generate Iots of/

attention...

Hints from Experiments
*LSND anomaly
°M|n|BooNE anomalles(recent updatesl)
*Reactor Anomaly ' |
*Gallex and Sage data

Where to address these? Two different philosophies....
*Decay at Rest sources (SNS)
*Reactor and Source experiments
°Accelerator experlments

Growing interest in hints, many conferences, papers,
new ideas on how to address them

Events/MeV

. Data (stat err)
) v, fromu®
3 v, from K
 — vg from K’
3 = misid
Ca—Ny
D dirt
[ other

Constr. Syst. Error

25



Bonnie Fleming
PAC Aspen, Summer 2012
June 19, 2012

A Letter of Intent for a Neutrino Oscillation

Experiment on the Booster Neutrino Beamline: LArl
*Motivation for LArl: Interesting hints from short
baseline oscillation experiments suggest BSM Physics

*Future program to address these at Fermilab:
MicroBooNE and

LArl: 1kton fiducial volume LArTPC

Thursday, 21June , 2012 26



e ' |
LAR AT ENAL

H. Chen, C. Thom, D. Lissauer, V. Radeka, B. Yu, G. Mahler, S. Rescia, S. Duffin, Y. Li
Brookhaven National Lab

L. Bartoszek
Bartoszek Engineering

E. Blucher, D. Schmitz
University of Chicago

D. Kaleko, G. Karagiorgi, B. Seligman, M. Shaevitz, B. Willis
Columbia University

B. Baller, H. Greenlee, J. Raaf, R. Rameika, G. Zeller
Fermi National Accelerator Laboratory

M. Messier, S. Mufson, J. Musser, J. Urheim
Indiana University

W. Huelsnitz, W.C. Louis, G.B Mills, Z. Pavlovic, R.G. Van De Water i 7/ Bonnie Fleming
Los Alamos National Laboratory ‘ PAC Aspen, Summer 2012
L.Bugel, J. Conrad, T. Katori, C. Ignarra, B. Jones, M. Toups

Massachusetts Institute of Technology ! \ .l une 1 9 - 2 O 1 2

Kirk McDonald J. Assadi, M. Soderberg
Princeton University Syracuse University

C. Mariani M. Marshak
Virginia Tech University of Minnesota

F. Cavanna, E. Church, B.T. Fleming, R. Guenette, O. Palamara, K. Partyka, A. Szele
Yale University

A Letter of Intent for a Neutrino Oscillation

Experiment on the Booster Neutrino Beamline: LArl
*Motivation for LArl: Interesting hints from short
baseline oscillation experiments suggest BSM Physics

*Future program to address these at Fermilab:
MicroBooNE and

LArl: 1kton fiducial volume LArTPC

Thursday, 21June , 2012
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A longer term program of short baseline oscillation physics at
Fermilab

Booster
Neutrino Beam
Source

.

MiniBooNE/MicroBooNE team studying physics potential of phased program
to address this physics. — Work in progress...

Example:
2012 ePhase 0: Continued running of MiniBooNE in anti-neutrino mode

Thursday, 21June , 2012 27



A longer term program of short baseline oscillation physics at
Fermilab

Booster
Neutrino Beam
Source

.

MiniBooNE/MicroBooNE team studying physics potential of phased program
to address this physics. — Work in progress...

Example:

2012 ePhase 0: Continued running of MiniBooNE in anti-neutrino mode
2014 *Phase 1: MicroBooNE run in neutrino mode to address low energy excess

Thursday, 21June , 2012 27
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A longer term program of short baseline oscillation physics at
Fermilab

Booster
Neutrino Beam
Source

- -

MiniBooNE/MicroBooNE team studying physics potential of phased program
to address this physics. — Work in progress...

Example:
*Phase 0: Continued running of MiniBooNE in anti-neutrino mode

*Phase 1: MicroBooNE run in neutrino mode to address low energy excess
*Phase 2: Near/Far comparison: MicroBooNE (near detector) and Large
1kton scale LArTPC address anti-neutrino results (far detector)

27
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_1_{_ _Fe J AT I

Booster
Neutrino Beam

Source g Arl -1 kton fiducial volz)ihé:

—_—
200m

] ocated at 700m on the Booster Neutrino Beamline
*MicroBooNE, moved to 200m, serves as its near detector
*v, —» V, appearance search: Near/Far Comparison

*Can also extend reach in v, — v, appearance

*Physics program is complementary to other programs on site
(MicroBooNE, MINOS+)

Combines physics program with development towards LBL
experiments: LBNE

28



Expected event rates

. e LSND Best Fit -
Intrinsic v, Intrinsic v, — Vv v
V+V : :
200-3000 MeV | 200-3000 MeV |  200-3000 MeV | 200-2000 MeV | 200-3000 MeV

1,895 257+434 130,126 217,059

—— Total background
v, CCQE
. v,CCQE
B other
(Am?,sin?20)=(1.2 eV?,0.003)

>
0
=
S~
2]
c
o
>
LUl
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r /'\ — —J : : = BomEa
Lr_r_ AT FNAL BOOSTER

4

| 4

LArl sensitivity* to MiniBooNE anti-neutrino anomaly
MicroBooNE at 200m and LAr1 at 700m

g MicroBooNE+LAr1
200m+700m
10.0E20 POT
stat. and 5% sys.

&
-—
. E>200 MeV fit

— 90%
— 30
— Bo

R. Guenette
G. Karagiorgi

[ILSND 90% CL
| |LSND 99% CL

| IllllllI L L L1ill

107"

10°

10.0E20 POT: ~5 years with
present running conditions

Fiducial volumes assumed
for MicroBooNE and LArl
are 61t and ~1 kt
respectively.

* 3+1 neutrino model

Thursday, 21June , 2012
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r

LAR1 srEna

Conceptual Design

The conceptual design for LAr1 is the design of the engineering prototype for LBNE
The present design is a TPC constructed of an array of modular units:

- Anode Plane Assemblies (APAs 2.5m wide, 7m high and 10cm thick), which contain
the wires and scintillation light detection system and instrumented with
cold electronics

- Cathode Plane Assemblies (CPAs 2.5m wide and 7m high), which provide the
high voltage electrode to create the drift field
- Field Cage Panels which shape the uniform electric field of 500
V/cm between the APAs and CPAs
All the active detector elements
are arrayed inside a membrane
style cryostat and
immersed in ultra-high
purity LAr, maintained
by the cryogenic system.

6/13/12
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“In addition to the physics program, LAr1 w \\ \\\
" have a development program serving as the
engineering prototype for LArTPCs for long
\baseline oscillation searches (eg: LBNE) P 4

Thursday, 21June , 2012



The FINAL Program 1s very reach:

strong effort for definitive assessment of the

LarTPC technology (the beam test program)

the SBL program with MicroBooNE (for
MiniBooNE v-anomaly) and LAr] for anti-v-

anomaly)

all this can contribute in opening the way
toward the Intensity Frontier neutrino
program with Project X.
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+ LAR PURITY (CONTAMINANTS AND MATERIALS’ COMPATIBILITY) AND LAR PURIFICATION

Liquid Argon Purification and Materials Test System MT S @ FN AL
Material Test Stand

N

He N2 Ar/02
’ C.Kendziora 06.16.08

7, Lifetime (us)

S
®©

S
5

0.6
0.5

S
P

standard fit-tky £0:54 ppm ps 1y-

ff”fa*”}i“’;z@sr

I e Cryostat  Purity Monitor  Scrubber Filter

- materials submerged in LAr do not deerease L Ar purity Cryolab@ LNGS

* materials in vapor give off water " [ Ar contaminate (out-gassing rate fen. of T)

Cold capacity test of Molecular sieves (for Fl»O) and of new filters (for O2) under way

LAPD @ FNAL - LAr Purity Denmondtrator

* Current operating systems use evacuation as
a first step to achieve purity
« Want an alternative for large vessels:
GAr purging (use a GAr piston for several
volumes exchange)
> ooal < 50 ppm contamination

(test under way)
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- ALTERNATIVES TO WIRES FOR IONIZATION CHARGE SIGNAL EXTRACTION

LAr LEM-TPC
@ CERN (ETH)

Readout 4
GAr 4

from concept to
real detector

Thursday, 21June , 2012

e | EM: Double phase Argon Large Electron

Multiplier TPC concep

tracking and calorimetric device capable of
adjustable charge amplification:

il

xView event display (event 170 ‘,‘

®
ampl%udo (ADSC‘ count®

oo 5 10 15 20 25 30
strip number

xView event display (event 1765

-

®
3
amplitude (ADC count®)

20 25 30
strip number

t provides a 3D-

Cosmic muon
Delta ray

View event display (event 1702

w time (v
g

g2 3
amplitude (ADC counl%

25 30
strip number

View event display (event 1765

5 10 15 20

n time (ug)
2

-3
amplitude (ADC countg

25 30
strip number

SRR « MM: MicroMega
B concept under
study

@ CEA-Saclay @
ETH

Micromesh

Nicrostrips

® |t is a promising readout
technology for next
generation V-detectors
(fine spatial resolution,
large active area and gain
of the order of 10) and for
Dark Matter detectors



SCINTILLATION B Ch LR S 1 GNAL
COLLECTION (3% READ-OUT

About 50% of the energy deposited by charged ptel.s in LAr goes

s tnto Scint. photond: sumultaneous and full exploitation of both

1A
qE
IR

E

VUV EAr Seintillation light (128 nm) needs to be shifted (to Vis)

before collection at photosensitive detector areas:

us | Ar.volume surrounded with a highly reflecting layer coated by a thin
wis-TPB film (high Light Yield)

us photosensitive detector surface coated by wis-TPB film (easier but
lower Light Yield)

Optical systems w/
HOE-PMT
CryoLab @ [LNGS TPB coated acrylic bars

Constant 8.223 + 0.136 A lightguide based detector allows extraction of
Mean 4162 0.6 light from the LAr bulk.

LightGuide

concept

2” PMTs

counts/bin/sec

O w N W & 01 O N O ©

development and

test @ MIT
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ELECTRON CHARGE DRIFT OVER
Lo NeEGEE DS STASN-C.- E

The capability of drifting ionization electrons on long distances (3-5 m) plays a
key role in view of the construction of very large mass neutrino detectors.
Two independent groups are actively working on 5 m long drift tests.

S5SmMDRIFT
@ CERN - by UCLA

ARGONTUBE
@ Bern

— T
T —

il

\l
22

B

e

=

t:" =
Si=_
=

|
\

\

]

- First Cold Test Succesful
O,

medium ARGONTUBE

a bench-test for the ARGONTUBE
performed in 2009-10:

- test of new Recirculation system based First technical test performed in Mar'll

on bellow-pumps
- Purity monitor using a laser beam - very low heat load
- test of new high voltage generator - HV test up to 125 kV (1/2 of nominal)

based on a chain of rectifying cells - first lonization Signals detected
- test of new Front-end pre-amplifiers
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CRYOSTAT I NS ULATION S cEHCE MOE - S A N D
D EFaVE RS PR OE B MEFENST=S

Current vacuum insulation (double StSteel wallwith Superlnsulation) or hybrid solutions(passive/active insulation)
cannot be “straightforwardly” extended to very large Volumes (tens of kton of LAr mass): new solutions are being
analyzed (without a priori exeluding Vacuum [nsulation)

LAr-LBNE @ FNAL

Vacuum Insulation for very large Volumes:

LAr-LBNE @ UCLA

Detector volume
Purge, vacuum, LAr

LAGUNA @ ETH

Insulation space #1
Purge, test gas, vacuum

- - LNG Storage Tank
Insulation space #2 ( (]/ Zael“G/"OlU'la )

Purge, test gas, vacuum LNG Tanker with Membrane
containment systems

Detector Module Cooling Requirement
C te bathtub
o e 1 » Total ~ 40 kW
Ufer ground, heating
» Insulation - 28 kW
Im foam - 5.4 kW/m2
» LAr Pumps - n x 6 kW

» Electronics — 5 kW
Benefits Front end — 10 mW/chan
Digital — 5 mW/chan

Full containment system » LN refrigerators designed
for 60 kW cooling

Concerns

Long record in LNG
industry in more severe

service » Long weld length on thin

sheets Initial Concept - 2004
~standard industrial Rock interactions Use existing technology from industry experience
design » Freezing Above ground tank, placed below ground
Heat the concrete liner De-couple the tank from the cavern

» Elastic rebound Single containment is suitable
— Full containment not warranted

“Cryostat in a kit”

construction model mm - cm movements possible

. . . in first few months after . . .
High fiducial mass fraction excavation — Cavern will contain spill
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LAR-TPZC S I GNAL
W ARM

COLD V S

Induction
(small, bipolar)

Induction by
::‘n‘\illh:,c:iip;))gr) a n d

cotection COllection of

(large, unipolar)

Current
Out of Wire

Drift time coordinate (1.4 m)

5*104 channels.
# analog chain: front-end low noise charge sensitive pre-amplifier, based
on a BICMOS dual channel IC with external j-Fet input stage (S/N > 10)

# Digitizing Stage: (32 chs. MUX) 10bit ADC (least count is equivalent to
1000 e) matching with the amplifier noise of ~1200 electrons.

#  sampling time 400ns per channel.

# Easily accessible during detector operation

# Large choice of components

#  “No limit” on power dissipation (100 m\W/cm2 cause LAr boil-off)
d

Availability of reliable high-density feed-throughs

electrons on wires

READ-OUT:
ELECTRONTICS

COLD Electronics @ Brookhaven & FNAL

CMOS
technology at
LAr T

CMOS is “happier” in cryogenic environment

At 77-89K, charge carrier mobility in silicon increases, thermal
fluctuations decrease with kT/e, resulting in a higher gain, higher
gn/I, higher speed and lower noise

Designing CMOS for low power = long lifetime
> 30 years lifetime using design guidelines
consistent with low power design

Low-noise demonstrated:
« ENC~ 600e-rms at 200pF, ~5mW/ch. (analog part)

Current Development:
single chip, analog FE+ADC+buffer with 128:1
multiplexing

Entire TPC can have uniform calibrated (<1%)
charge sensitivity

MicroBoone LAr-TPC at FNAL with COLD
electronics
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LAR-TZPZC S I GNAL READ-OUT:
CoLD VS WARM ELECTRONICS

LArTPC Run #073 Event #005 Time Tue-05-Aug-2008-13:22:52 LArTPC  Run #201 Event #2 Time 11-May-2011 16:29:40.283 Nine motherboards on Bo TPC

R
. 'A -
3:wire planes

4.7 mm pitch
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©
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>
192]

500 1000 1500 2000 . \ iy .
500 1000 1500
Sample Number 198 nsec/sample 405 usec total No LAr punﬁcatlon

Sample Number 198 nsec/sample 405 usec total - s -
—="or circulation

Michigan St. U.
Test @ FINAL (2011)

S S
i i it
e g
e v
T
e
WG S P
L Eon e ionrascsoiain
[ e e
s st
o s sl

Warm dual-JFET

Signal for muon parallel to wire planes: 22.7 counts S/N ~ 14
Noise RMS noise: 1.62 counts

Cold CMOS

Signal for muon parallel to wire planes: 15.6 counts S/N ~ 28
Noise RMS noise: 0.55 counts
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V-EVENT RECONSTRUCTION
(OFF-LINE SW DEVELOPMENT
AN D DASE ASSARNEANIE Y S | S )

SW development represents the most challenging and
“burning” 1ssue in the present LAr-TPC worldwide effort

v-data are available from ArgoNeuT (NuMI-low-
energy) and I[CARUS (CNGS-high energy)

******

LArSolt—= 1 ,
S ICARUS Oscan ‘e
~ data analysis
® Initially developed
MicroBooNe ICARUS. (ETH, Granada) for
[LArl & larL.Ar data analysis lcarus, recent revival for
LAr-LBNE {1 R T32 LArTPC Test
det/data simulation Beam data analysis
Code development @ FNAL g@J:PARC_? z
@ Code development === ==
Yale, Syracuse, MIT, @ Milano, Padova, : _ So=t
MSU, KSU, Nevis LNGS, CERN, B
& LNGS (It), Katovice, Cracow, Warsaw Code development

Bern (Su), Warwick (UK) @ ETH, CERN
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L AR R ESPONS E
T E S T B EAM CHARACTERIZATION

T32 @ J-PARC R
(250 It LArTPC-2010)

ETH,
KEK, Iwate U, Waseda U.

Fitch cherenkov
(n-ring , K-ring) BDC
Gas Cherenkov

N A —
'JII\I'l |_

Distance from End Point (cm)
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ArgoNeuT @ FTBF (F AL)

(existing) single-phase LAr TP(‘

in a low energy (0.5 -5 Ci)w:f)
ch.ptcl.bea

- precise measurerr();éa of

charge Recom5‘r<éuon factors

— electron to ¥y~ separation

6 m? @ CERN
to be proposed for test
beams in NA @ CERN

WM

*

* K x
* *
@ *
* *
* 5 Kk

double-phase LAr TPCin a low
energy (0.5 — 5 GeV/c)
ch.ptcl.beam

test of particle identification,
calorimetry, hadronic secondary
interactions




MiniBooNE: The excess 1n anti-v-mode

MiniBooNE Antineutrino Oscillation Results

New results presented at Neutrino 2012

anti-ve CCQE signal candidates w/ 11.3e20 POT

o Data(staterr.) -
1 v. fromu* ¥
v, from K" .

3 v, from K° i :
—/ ;8 l:l?s'?d With Full data set:

g 3; ST : Anti-neutrino mode
3 other 1 Now more consistent

Constr. Syst. Error with neutrino mode
data

ian

12

D
=
~
&
c
2
L

10

78.4120.0%234
events

14 3.0 E=200-1250 MeV
ESE (GeV) 2.50
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MicroBooNE+LAr1
200m+700m
6.6E20 POT

stat. and 5% sys.

E>200 MeV fit

1
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R. Guenette
G. Karagiorgi
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